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(57) ABSTRACT

The 1nvention concerns a novel catalyst for forming ure-
thanes. Said catalyst 1s characterized by the general formula:
MY,__|Z] , wherem: Z is the radical corresponding to the
anion of a super acid whereof the Hamett constant 1s at least
equal to 13 and advantageously more than 13, M represent-
ing a trivalent metal, preferably known for forming Lewis
acids; Y 1s an anion or a monovalent anionic function; and
g 1s an 1nteger selected advantageously between 1 and 3,
inclusively. The mvention 1s applicable to paint.

18 Claims, No Drawings
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PROCESS FOR THE FORMATION OF
URETHANE VIA TRANSCARBAMATION

This application 1s an application under 35 U.S.C. Section
3’71 of International Application Number PCT/FR01/03144

filed on Oct. 11,2001.

A subject matter of the present invention i1s novel tran-
scarbamation catalysts. The invention relates more specifi-
cally to the use of novel catalysts which are not based on tin.

Because of their high reactivity and their relative toxicity,
1socyanates are often used 1n a derived form or 1n a masked
form. This derived form or this masked form exhibits the
disadvantage corresponding to 1ts advantages, that 1s to say
that 1t 1s not very reactive, and consequently requires the use
of catalysts 1n order for the reaction to be able to take place
at temperatures acceptable 1 industry.

Masked 1socyanates can be used 1n all the applications of
1socyanates, namely paints, varnishes and more generally
coatings, adhesives, and some specialty polymers.

The most widely used catalysts are dialkyltin alkanoates,
the most well known of which 1s dibutyltin dilaurate. How-
ever, for some applications, dibutyltin dilaurate exhibits an
insufficient activity and consequently 1t 1S necessary to use
it at very high concentrations.

These (trans)carbamation catalysts make it possible to
prepare polyurethanes, 1in particular aliphatic polyurethanes.

However, tin salts have a reputation for toxicity which 1s
detrimental to their use and consequently attempts are being
made, 1n numerous applications, to replace them with com-
pounds not exhibiting these disadvantages.

In addition, industry 1s always on the lookout for com-
pounds having better catalytic activities than the existing
catalysts.

The most widely used catalyst as reference in the field of
polyurethanes 1s dibutyltin dilaurate.

One of the aims of the present invention 1s therefore to
provide a carbamation catalyst which 1s at least as active as
dibutyltin dilaurate but which 1s not based on ftin.

Another aim of the present invention 1s to provide a
catalyst which can be used for the synthesis of polyure-
thanes, in particular polyurethanes of aliphatic nature.

Another aim of the present invention 1s to provide a
catalyst of the preceding type which makes 1t possible to
carry out the synthesis of polyurethane from masked poly-
1socyanates.

Another aim of the present invention 1s to provide a
catalyst which makes i1t possible to carry out a transcar-
bamation resulting in polyurethanes starting from light alkyl
carbamates; the term “alkyl” corresponding to an alcohol
with a boiling point at normal pressure at most equal to 150°
C. (2 significant figures), advantageously at most 100° C. (2
significant figures).

Another aim of the present invention 1s to provide a
catalyst of the preceding type which can be used when the
urethanes or polyurethanes are used as binder with the
coating (varnishes or paints).

These aims, and others which will become apparent
subsequently, are achieved by means of the use as catalyst
of compounds corresponding to the following general for-

mula (I):

MY,  [Z]

7k

where:

7Z.1s the radical corresponding to the anion of a superacid, the
Hammett constant of which 1s at least equal to 13 and
advantageously greater than 13;
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M represents a trivalent metal, preferably known for forming
Lewis acids;

Y 1s a monovalent anion or anionic functional group, and;

g 1s an 1nteger advantageously chosen between 1 and 3,
including the limaits.

Advantageously, Z is of formula (II):

(RI)—SOE—C

where:

R 1s a fluorine or, advantageously, a radical, the carbon of
which carrying the sulfonic functional group 1s perhalo-
genated, and

C i1s an oxygen or an atom from Group V, preferably
nitrogen, monosubstituted by an electron-withdrawing
radical EWG, advantageously by a radical of formula
(R' )—SO,—, where R'_ 1s chosen from the same radicals
as R._.

EWG may be chosen from the same families as R, with
the same preferences as the latter. It 1s the same for R'_, R

X7

R' and EWG; these radicals can be 1dentical or different.

C 1s generally oxygen, to give a formula (I'):

MY, [(R,)—SO,—O

lo

where:

M represents a trivalent metal, preferably known for forming
Lewis acids;

Y 1s a monovalent anion or anionic functional group, and;

R 1s a fluorine or, advantageously, a radical, the carbon of
which carrying the sulfonic functional group 1s perhalo-
ogenated, and

g 1s an 1nteger advantageously chosen between 1 and 3,
including the limats.

M 1s thus the trivalent cation corresponding to an element
of metallic nature.

Mention may also be made, among the anions Z~, of the
imides of formula (III):

RX—SQQ
-

/
R1—S(O)n

where R1 1s a fluorine or organic radical (that is to say,
comprising carbon) advantageously comprising at most 30
carbon atoms when it is not polymeric (that is to say, does
not constitute a bond for attaching to a polymer) and where
n1s 1 or 2, advantageously 2, especially if R1 is fluorine.

In particular, Z can constitute a compound of formula
(IV):

Rx—SO,
\
N-
/
R'x—S(O)n

or of formula (V):
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Rx ——S0,
\ \
-
/
R1—S(O)n

In the case where R_and R1 are connected, R_ and R,
have to be divalent. It follows, but this goes without saying,
that R1 1n this case cannot be fluorine.

Very good results are obtained when q 1s equal to 3. The
halogenated carbon 1s advantageously a perfluorinated car-
bon and more preferably a perfluoro-methylene group, as
will become apparent subsequently. The other anion or the
other anions are organic or 1norganic anions, preferably
monoanions.

Mention may be made, among these anions, of sulfonates,
monoalkyl sulfates (when the latter are stable in the
medium), carboxylates, halides, halogenates (when the latter
are not too oxidizing for the medium), or phosphates,
phosphonates and phosphinates, preferably rendered
monovalent by partial esterification, when this 1s necessary;
pyrophosphates can be envisaged in the media where they
are stable.

However, it 1s preferable for these anions, other than the
perhalogenated sulfonates, not to be chelating.

It 1s also preferable for the pK | of the acid associated with
these anions to be at most equal to approximately 10,
preferably to approximately 5, more preferably to approxi-
mately 2.

It 1s preferable for the associated acid not to be more
acidic than hydrohalic acids.

These salts, acting as catalysts, can be introduced pre-
formed or can be prepared in situ by neutralization of an
oxide of the element M, by mixing salts of the element M,
or displacement of a weaker or more volatile acid by said
superacid ZH. However, the 1n situ events generally give
inferior results to the salt synthesized beforehand.

According to the present invention, the reaction for the
formation of urethane and in particular of polyurethane can
be a transcarbamation reaction. This term of transcarbama-
tion should be taken lato sensu, that 1s to say that 1t 1s also
targeted at the conversion of a pseudocarbamate (reaction
product of an 1socyanate with a hydroxylated derivative not
constituting an alcohol, for example chosen from oximes or
hydroxyamides) to a urethane or polyurethane by conden-

sation with an alcohol or more generally with a polyol
known 1n the field.

These catalysts are advantageously used 1n an amount at
least equal to 0.5%¢ and at most equal to 5% as carbamate
functional group equivalent, preferably between 1%¢ and

2%.

The transcarbamation reaction depends on the alcohols
and carbamates used. However, it is between 100 and 200°
C., preferably between 120 and 180° C. The carbamates
used are those resulting from the reaction of an 1socyanate
functional group with a hydroxyl functional group. Mention
should be made, among hydroxyl functional groups, of
alcohol functional. groups, 1n particular those of alcohols
which are volatile at the reaction temperature (boiling point
at atmospheric pressure) and more paticularly methanol.

Among the other hydroxyl functional groups which may
be mentioned as exhibiting a specific advantage, phenol
functional groups, hydroxyl functional groups grafted to a
nitrogen atom, such as hydroxyimides, or oximes.
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The alcohols which are substituted for these hydroxylated
derivatives are advantageously polyols (especially di- and/or
triols), advantageously primary polyols.

The molecular masses can vary within a wide range
according to the form of the coating used. The molecular
masses are relatively high, it being possible for them to
range approximately up to 20 000 when the catalysts accord-
ing to the present invention are employed 1n a powder paint.
On the other hand, for more conventional applications, the
polyols rarely exceed a molecular mass of approximately 3
000.

The molecular masses referred to are number-average
molecular masses Mn and are defined by the gel permeation
technique known to “a person skilled in the art”. More
specifically, the molecular mass 1s determined by gel per-
meation chromatography (GPC). The technique uses two
polystyrene gels (Ultrastyrogel® at 10" and 500 1&) as gels,
THF as solvent and sulfur as standard.

The 1socyanates giving rise or corresponding to the car-
bamates which are preferred are at least partially aliphatic
1socyanates, that 1s to say that the i1socyanate functional
group under consideration 1s connected via the nitrogen to
the backbone of the 1socyanate molecule by a carbon atom
possessing sp” hybridization.

In addition, 1t 1s desirable, in the structure of the 1socy-
anate monomer or monomers (that 1s to say, the isocyanates,
generally diisocyanates, which constitute the precursors of
the 1socyanates used as “crosslinking agents”, the most
commonly used of which are hexamethylene diisocyanate
and the compound denoted by the term 1sophorone diisocy-
anate, or IPDI), for the part of the backbone connecting two
1socyanate functional groups to comprise at least one poly-
methylene sequence (CH,)_ where i represents an integer
from 2 to 10, advantageously from 4 to 8. This preference
alfects the mechanical performance.

When there are several sequences, the latter can be alike
or different. In addition, 1t 1s desirable, in the monomer
under consideration, for these polymethylene sequences to
be free to rotate and therefore exocyclic, if there 1s a ring.
When prepolymers, or oligomers, resulting from more than
one monomer are used, 1t 1S desirable for the condition
relating to this polymethylene sequence to be found 1n at
least one of these monomers.

The preferred polyisocyanates are those which exhibit at
least one aliphatic 1socyanate functional group. In other
words, at least one masked 1socyanate functional group
according to the mvention 1s connected to the backbone via
a carbon of sp” type advantageously carrying a hydrogen
atom, preferably two. It is desirable for said carbon of sp”
type to be itself carried by a carbon of sp” type advanta-
geously provided with one and preferably two hydrogen
atoms, this being in order to avoid the 1socyanate group
under consideration being in the neopentyl position.

In other words, it 1s advisable to choose, as monomer
(which monomers generally carry two isocyanate functional
groups), at least one compound which carries at least one
aliphatic 1socyanate functional group which is neither sec-
ondary nor tertiary, nor neopentyl.

In the case of a mixture obtained from several (in general
two) types of monomers, it is preferable for that or those of
the monomers which correspond to the above conditions
and/or (advantageously “and”) to the condition with regard
to the presence of polymethylene sequence (CH,)_ to rep-
resent at least 14, advantageously 2, preferably %4, of the
masked 1socyanate functional groups. Thus, during the study
according to the present invention, excellent results were
obtained with mixtures comprising %3 of HMDT (hexam-
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ethylene diisocyanate “trimer”) with IPDI or IPDT (IPDI

“trimer”), the two being masked according to the invention

(nBDI, norbornane diisocyanate, and its trimer are similar).
Of course, preference 1s given to the case where all the

Isocyanates are aliphatic and also correspond to the above

criteria.

According to the present invention, the masked isocyan-
ate, pure or as a mixture, results from a polyisocyanate, that
1s to say having at least two 1socyanate functional groups,
advantageously more than two (possibilities of fractional
values since 1t generally relates to a mixture of more or less
condensed oligomers), which itself generally results from a
precondensation or from a prepolymerization of an indi-
vidual diisocyanate (sometimes described as “monomer” in
the present description).

The average molecular mass of these prepolymers or of
these precondensates 1s generally at most equal to 2 000 (one
significant figure), more commonly to 1 000 (one significant
figure, preferably two).

Thus, among the polyisocyanates used for the invention,
mention may be made of those of the biuret type and those
for which the di- or trimerization reaction has resulted 1n
four-, five- or six-membered rings. Among the six rings,
mention may be made of the 1socyanuric rings resulting
from a homo- or hetero-trimerization of various diisocyan-
ates alone, with other isocyanate(s) [mono-, di- or polyiso-
cyanate(s)] or with carbon dioxide gas; in this case, a
nitrogen of the 1socyanuric ring 1s replaced by an oxygen.
The oligomers comprising isocyanuric rings are preferred.

Mention should be made, among the most advantageous
monomers, of those which exhibit a polymethylene
sequence as defined above which 1s exocyclic, obviously
including noncyclic. Mention may be made, among mono-
mers exhibiting a polymethylene sequence, of tetramethyl-
ene diisocyanate optionally substituted by an alkyl group,
advantageously of at most four carbon atoms, preferably of
at most two carbon atoms; pentamethylene diuisocyanate
optionally substituted by an alkyl group, advantageously of
at most four carbon atoms, preferably of at most two carbon
atoms, and hexamethylene duisocyanate. Mention may be
made, as monomers of cycloaliphatic nature which are
preferably used 1n combination with i1socyanates having
exocyclic or noncyclic polymethylene sequences, of the
monomers and the compounds resulting {from the monomers
below:

— the compounds corresponding to the hydrogenation of the
aromatic ring or rings carrying the i1socyanate functional
groups of aromatic 1socyanate monomers, and 1n particu-
lar TDI (toluene diisocyanate) and biphenyl diisocyan-
ates, the compound known under the abbreviation
H,,MDI and the various BICs [bis(isocyanatomethylcy-
clohexane)]; and especially

— norbornane diisocyanate, often known by 1ts abbreviation
NBDI;

— 1sophorone dusocyanate or IPDI or 3-1socyanato-methyl-
3,5-trimethylcyclohexyl 1socyanate.

It should be pointed out that the catalysts according to the
present 1nvention are also favorable when the reaction for
the formation of urethane comprises a reaction in which a
urea functional group 1s converted to a carbamate functional
group. The urea functional group (>N—CO—N<) should be
taken within the broad sense and 1s targeted especially at the
compounds which constitute 1socyanates masked by deriva-
fives, or more speciiically masking agents, carrying a reac-
five hydrogen on a nitrogen. These masked isocyanates
make 1t possible to result in polyurethanes by means of
alcohols and 1n particular of polyols.
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The notion of masking agent corresponds to that which
has formed the subject of studies such as that of Petersen and

that of Wicks.

The present invention 1s of particular use for the masked
1socyanates for which the release temperature, as defined in
the octanol test (see below), is relatively high, that is to say
at least equal to 100° C., advantageously to 120° C.,
preferably to 130° C.

The masking agents giving the best results are the mask-
ing agents exhibiting an NH functional group. Thus, advan-
tageously, the masking agent, or at least one of them when
there 1s more than one of them, 1s chosen from the com-
pounds exhibiting an >NH functional group, advantageously
from secondary amines or five-membered aromatic nitrog-
enous rings preferably exhibiting at least two nitrogens.

However, those which are chosen from compounds car-
rying hydroxylated functional groups advantageously cho-
sen from saturated alcohols with a boiling point of less than
150° C. (advantageously less than 100° C.), phenols, oximes
and hydroxyamide.

According to the present invention, it 1s desirable for the
metal corresponding to the cation M not to exhibit a valency
of less than 3.

It 1s also advantageous for the metal to be a relatively
heavy metal, that 1s to say for said metal to belong to a
period greater than the fourth period, advantageously than
the fifth period. Reference may be made to the Periodic
Table which forms the subject of the supplement to the

Bulletin de 1a Société Chimique de France, No. 1, in January
1966.

The cations targeted by the present invention are essen-
tially those of the rare earth metals (scandium, yttrium,
lanthanum and lanthanide) and the elements of the Periodic
Table of the Elements chosen from gallium, arsenic, indium,
tin, antimony, thallium and bismuth.

Mention should be made, among the metals giving the
best results, of lanthanides (lanthanide being taken here
stricto sensu, that 1s to say that 1t does not comprise
lanthanum), in particular yttrium and especially bismuth.

As regards the sulfonates, 1t 1s desirable for R, to be of
formula:

EWG-(CX.,),-

where:

the X groups, which are i1dentical or different, represent a
chlorine, a fluorine or a radical of formula C F, _ ., with
n an integer at most equal to 5, preferably to 2, with the
condition that at least one of the X groups 1s fluorine,

fluorine advantageously carried by the carbon connected
to the sulfur;

p represents an integer at most equal to 2;

EWG represents an electron-withdrawing group (that is to
say, 0, of greater than zero, advantageously than 0.1,
preferably than 0.2), the possible functional groups of
which are 1nert under the conditions of the reaction,
advantageously fluorine or a perfluorated residue of for-
mula CF, ., with n an integer at most equal to &,
advantageously to 5, the total carbon number of Rf
advantageously bemng between 1 and 15, preferably
between 1 and 10.

As was 1ndicated, 1t 1s preferable for the carbon carrying
the sulfonate functional group to be a perfluorinated carbon
and 1n particular a carbon constituting a perfluoromethylene
(—CF,—). For reasons of ease of industrial preparation, the
first members of the R, (perfluoroalkyl) groups are preferred
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and in particular trifluoromethanesulfonic acids (triflic acid,
corresponding to the triflate) and pentafluoro-ethanesulfonic
acids give good results.

Another subject matter of the present invention 1s masked
Isocyanate compositions, the masked 1socyanates advanta-
geously being in the form of carbamates (lato sensu, that is
to say the functional groups corresponding to the sequence
—N(R)—CO—O—, where R is a hydrocarbonaceous radi-
cal, generally an alkyl radical, indeed even an aryl radical,
or more commonly a hydrogen), additionally comprising a
catalyst of following general formula (I):

MY, _ [(R,)—SO,—O

l

where:

M represents a trivalent metal, preferably known for forming
Lewis acids;

Y 1s a monovalent anion or anionic functional group, and;

R _ 1s a radical, the carbon of which carrying the sulfonic
functional group 1s perhalogenated, and q 1s an integer
advantageously chosen between 1 and 3, including the
limats.
The present invention 1s also targeted at a transcarbama-

fion process where use 1s made, as transcarbamation cata-
lyst, of the compounds of formula:

MY,;_ [(R )—SO,—O

l

where:

M represents a trivalent metal, preferably known for forming
Lewis acids;

Y 1s a monovalent anion or anionic functional group, and;

R_ 1s a radical, the carbon of which carrying the sulfonic
functional group 1s perhalogenated, and

g 1s an 1nteger advantageously chosen between 1 and 3,
including the limits.

These catalysts make 1t possible to carry out the reaction
at temperatures below 200° C., generally below 180° C.

Generally, to obtain satisfactory kinetics, 1t 1s advisable to
be at a temperature at least equal to 100° C., preferably at a
temperature at least equal to 120° C.

Octanol test

“Release™ (or
“deblocking™)
temperature:

This 1s the lowest temperature at
which the masking agent of the
masked 1socyanate 1s displaced to
an extent of 9/10 (rounded
mathematically) by a primary
monoalcohol (the primary mono-
alcohol is generally octanol).

To ensure that the product has a
good shelf life, it 1s preferable

to choose masked 1socyanate
functional groups which show, in
the octanol test, a “release” at
80° C., advantageously at 90° C., at
most equal to 90%.

The reaction 1s considered to be
complete 1f 1t 1s carried out to
more than 90%.

Shelf life:

Progress of the
reaction:

The following nonlimiting examples 1llustrate the imven-
tion. These examples, in order to avoid any interaction
problems, related substantially to monofunctional 1socyan-
ates. n-Hexyl 1socyanate was used.
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EXAMPLE 1

General Procedure:

Choice of the Reaction Model

The choice focused on the use of aliphatic 1socyanates,
which are more expensive but which give access to poly-
urethanes exhibiting:

better resistance to UV radiation,

a more stable color,

excellent behavior when used externally.

The action of primary alcohols gives carbamates which
are very stable thermally 1n comparison with aromatic
Isocyanates.

Methanol was chosen as blocking agent for the alkyl
1socyanate. This 1s because this alcohol 1s 1nexpensive, has
a low molecular mass and has a limited toxicity.

A limitation on volatile organic compounds (VOCs) is
promoted by such a blocking agent 1n comparison with the
other agents. This methodology clearly falls within the scope
of the development of a cleaner chemistry, an approach
favored by current research.

Reactants Involved

The alkyl 1socyanate chosen 1s hexyl 1socyanate. It 1s
blocked very simply with methanol with conventional heat-
ing for 4 hours. The reaction results 1in the formation of
N-hexyl methyl urethane, which will be used as starting
reactant during the transcarbamation reaction.

n-hex-N—C—0+MeOH—=n-hex-NH—CO—OMe

The primary alcohol chosen for carrying out the transcar-
bamation i1s ocatan-1-ol. The reaction of 1t with hexyl
1socyanate with conventional heating for 4 hours results in
the formation of the end product: N-hexyl octyl urethane.

n-hex-N—C—0+n-OctOH—n-hex-NH—CO—O-n-
Oct

The characterization of this product by conventional
analytical techniques was necessary 1n order to carry out
kinetic monitoring of the transcarbamation reaction by gas
chromatography (retention time and response factor).

Kinetic Study

The transcarbamation reaction studied, carried out in the
absence of solvent and 1n the presence of 1 mol % of catalyst
(in order to have a rapid reaction), is represented diagram-
matically below:

(Cat.

n-hex—NH—CO—OMe + OctOH —m7mm =

carba 1
n-hex—NH—CO—Oct + MeOH

carba 2

Carba 1: 3.14 mmol (500 mg)
OctOH: 1 eq. or 10 ¢q.

Internal reference (hexadecane): 0.5 eq.
Cat.: 1 mol %.

130° C.
Kinetic Results of Various Catalysts Tested

Catalyst kin mol™ -1 - min™" Yield (%)
Bu,Sn(laurate), reference 1.10 - 1077 26
BiPh, comparative 0 0
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-continued
Catalyst k in mol™" - 1 - min™* Yield (%)
BiCl, comparative 3.80 - 107 2
Bi(OTf), 5.54 - 107 70
Yb(OTt), 8.76 - 107* 30
Sm(OTY), 2.0- 1073 45

Triphenylbismuth and bismuth chloride display virtually
no catalytic activity. With regard to bismuth triflate, it shows
a noteworthy effectiveness with a rate constant of 4.54-107°
mol™'.I.min~" and a final yield of 70%, a result entirely
comparable with the dibrominated distanoxane.

Test Carried Out with Methyl Hexamethylenedicarbam-
ate.

EXAMPLE 2

Synthesis of Methyl Octylcarbamate

41.44 ¢ of 1-n-octyl 1socyanate and 17 g of methanol are
charged to a reactor. The mixture 1s stirred at 60° C. for 8
hours. The product 1s subsequently cooled to ambient tem-
perature. It crystallizes. The crystallized product 1s filtered
off (38 g). The crystallized product is washed with cold
hexane to give 19 g of pure product.

The carbamate 1s characterized by proton HMR and
infrared analysis.

EXAMPLE 3

Synthesis of Octyl Octylcarbamate

The synthesis 1s carried out in the same way as for
example 1, from 1.7 g of 1-n-octyl isocyanate (1 molar
equivalent) and 2.86 g of n-octanol (2 molar equivalents).

After 4 hours, the absence of 1socyanate bands 1s moni-
tored by infrared analysis. The product 1s purified as
described above.

This product serves as reference.

The carbamate 1s characterized by proton HMR and
infrared analysis.

EXAMPLE 4

Synthesis of Octyl Hexylcarbamate

The synthesis 1s carried out as for example 1, except that
n-1-hexyl isocyanate (5 g) and octanol (10 g) are used.

Approximately 5 g of product are recovered.

The carbamate 1s characterized by proton HMR and
infrared analysis.

This product serves as reference.

EXAMPLE 5

Synthesis of Methyl Hexylcarbamate

The synthesis 1s carried out as for example 1, except that
n-1-hexyl isocyanate (5 g) and methanol (1.8 g) are used.

Approximately 5.7 g of product are recovered.

The carbamate 1s characterized by proton HMR and
infrared analysis.
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EXAMPLE 6

Conditions for Analyses of the Reaction

The transcarbamation reaction 1s monitored by gas chro-
matographic analysis using a column.

The compounds are eluted via a 100° C. to 220° C.

temperature gradient with an increase of 10° C./min. The
injection temperature is 100° C,

Compound Elution time
Octanol 5.22
Trichlorobenzene (internal reference) 7.41
Methyl hexylcarbamate 8.32
Methyl octylcarbamate 11.14
Octyl hexylcarbamate 16.41
Octyl octylcarbamate 21

EXAMPLE 7

Synthesis of Methyl Hexamethylenedi-carbamate

The synthesis 1s carried out as for example 1. 171 g of
examethylene duisocyanate and 271 ¢ of methanol are used.

The NCO content 1s monitored by measuring the content
by reaction with excess dibutylamine and quantitative deter-
mination of the excess dibutylamine with HCI1 (conventional
quantitative determination of isocyanates).

The methyl dicarbamate crystallizes under cold condi-
tions. It 1s washed with hexane and then dried.

'"H NMR analysis gives NH 4.7 ppm; —CH.,O 3.6 ppm;
—CH,N 3.1 ppm; —(CH,,), 1.4 and 1.27 ppm.

General Procedure of the Tests for
Transcarbamation Catalyses

The reaction is carried out at 160° C. in a stirred reactor
with 1 molar equivalent of methyl carbamate and 1 molar
equivalent of octan-1-ol. 1 mol % of catalyst 1s added.

EXAMPLE &

Transcarbamation Reaction Catalyzed by Metal
Triflates at 160° C.

Degree of
conversion of the
methyl carbamate
to octyl carbamate

Catalyst used/
temperature/
reaction for 4 hours

Starting methyl
carbamate used

Methyl octyl- La(Triflate);/160° C. 62%
carbamate
Methyl octyl- Yb(Triflate);/160° C. 99%
carbamate
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EXAMPLE 9 (COMPARATIVE)

Transcarbamation Reaction Catalyzed by Metal
Triflimides at 160° C.

Degree of
conversion of the
methyl carbamate
to octyl carbamate

Catalyst used/
temperature/
reaction for 4 hours

Starting methyl
carbamate used

Methyl octyl- Potassium bis(trifluoro- 42 %
carbamate methanesulfonimide)/160" C.
Methyl octyl- Lithium bis(trifluoro- 51%
carbamate methanesulfonimide)/160" C.
Methyl octyl- Magnesium bis(trifluoro- 45%
carbamate methanesulfonimide)/160" C.

The mixtures of catalysts prepared 1n situ proved to be
less efficient than the derivatives prepared before the reac-
tion.

EXAMPLE 10

Transcarbamation Reaction Catalyzed by Mixtures
of Metal Salts at 160° C.

Degree of
conversion of the
methyl carbamate
to octyl carbamate

Catalyst used/
temperature/
reaction for 4 hours

Starting methyl
carbamate used

Methyl octyl- 1 molar eq. triflic 33%
carbamate acid + 1 molar

equivalent BiCl,/130" C.
Methyl octyl- 2 molar eq. triflic 29%
carbamate acid + 1 molar

equivalent BiCl;/130" C.
Methyl octyl- 3 molar eq. triflic 34%
carbamate acid + 1 molar

equivalent BiCl;/130" C.
Methyl octyl- 1 molar eq. bis(tri- 28%
carbamate fluoromethanesulfon) -

imide (TFSIH) + 1 molar

equivalent BiCl;/130" C.
Methyl octyl- 2 molar eq. TFSIH + 1 20%
carbamate molar equivalent

BiCl;/130° C.
Methyl octyl- 3 molar eq. TFSIH + 1 25%
carbamate molar equivalent

BiCl4/130° C.
Methyl octyl- 1 molar eq. triflic 39%

carbamate

acid + 1 molar

equivalent Bi,O./130" C.

EXAMPLE 11

Transcarbamation Reaction of methyl
hexa-methylenedicarbamate and Diol or Polyoldiol
Compounds

The reaction 1s carried out 1n the presence of the best
catalysts obtained. It 1s confirmed whether a gel 1s obtained.
The degree of conversion of the methyl hexamethylenedi-
carbamate 1s measured by extraction with a polar solvent,
N-methylpyrrolidone, and quantitative determination by
GC. It 1s shown that, 1n all cases, the amount of dimethyl
hexamethylenecarbamate 1s less than 10%.
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These examples show that it 1s possible to obtain poly-
urethanes by a transcarbamation reaction catalyzed by the
organometallic derivatives of the invention.

Starting methyl carbamate Catalyst used/
used/polyol temperature/reaction  Qualitative
NCO/OH ratio = 1 for 4 hours result

Methyl hexamethylenedi- Yb(triflate);/160° C.  Production of
carbamate/hexane-1,6-diol a gel
Methyl hexamethylenedi- Bi(triflate);/160° C. Production of
carbamate/hexane-1,6-diol a gel
Methyl hexamethylenedi- Bi(triflate);/130° C. Production of
carbamate/hexane-1,6-diol a gel
Methyl hexamethylenedi- Yb(triflate);/160” C.  Production of
carbamate /polyethylene a gel

glycol mass 1 000

COMPARAITVE EXAMPLES 12

Transcarbamation Reaction Catalyzed by Proftic
Acids

The reaction is carried out at 160° C. in a stirred reactor
with 1 molar equivalent of methyl carbamate and 1 molar
equivalent of octan-1-ol. 1 mol % of acid catalyst 1s added.
The reaction mixture 1s left to stir under sealed conditions.

The results are analyzed after 6 hours at 160° C. and 130°
C. by gas chromatography.

The transcarbamation levels measured are low 1n com-
parison with those measured with the Lewis acids.

Starting methyl
carbamate used

Catalyst used/
temperature

Mol % of octyl
carbamate measured

Methyl octyl- Triflic acid/160° C. 8% Octyl octyl-

carbamate carbamate
Methyl octyl- Bis(trifluoro- 5.6% Octyl octyl-
carbamate methanesulfon)- carbamate

imide/160° C.

Methyl hexyl- Triflic acid/160° C. 10% Octyl octyl-

carbamate carbamate
Methyl hexyl- Bis(trifluoro- 6% QOctyl octyl-
carbamate methanesulfon)- carbamate

imide/160° C.

The invention claim 1s:

1. A process for the formation of urethane through a

transcarbamation reaction, comprising the steps of:

a) carrying out said reaction on a mixture of a carbamate,

said carbamate resulting from the reaction of of an
1socyanate functional group with a hydroxyl functional
oroup, and an alcohol 1n the presence of an efficient
catalytic amount, as catalyst for a reaction for the
formation of urethane, of compounds of general for-

mula (I):
MY, |Z]

q:‘

wherein:
7. 15 the radical corresponding to the anion of a super-
acid for which the Hammett constant 1s at least equal
to, or greater than, 13;
M representing a trivalent metal;
Y 1s a monovalent anion or anionic functional group:
and
g 1s an integer; and
b) recovering the urethane formed in step a).
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2. The process according to claim 1, wherein:

the Hammett constant 1s greater than 13;

M forms a Lewis acid; and

g 1s between 1 and 3, including the limits.

3. The process according to claim 1, wherein Z 1s of
formula:

(Rx)_s O 2 (g'

wherein:

R _1s a fluorine or a radical, the carbon of which carrying
the sulfonic functional group 1s perhalogenated, and

C 1s an oxygen or an atom from Group V, monosubstituted
by an electron-withdrawing radical.

4. The process according to claim 3,

wherein:

C is an oxygen or nitrogen, monosubtituted by the elec-
tron-withdrawing radical of formula (R')—SO,—,
wherein R'_ are radicals R..

5. The process according to claim 4, wherein C is an

oxXygen.

6. The process according to claim 1, wherein the tran-
scarbamation comprises a reaction in which a urea func-
tional group (>N—CO—N<) is converted to a carbamate
functional group (>N—CO—0—).

7. The process according to claim 6, wherein a precursor
of the urethane functional group 1s a masked 1socyanate
functional group with a masking agent.

8. The process according to claim 7, wherein the masking
agent 1s a compound carrying a hydroxylated functional
group.

9. The process according to claim 8, wherein the com-
pound carrying a hydroxylated functional group 1s a satu-
rated alcohol with a boiling point below 150° C., phenol,
oxime or hydroxyamide.

10. The process according to claim 7, wherein the mask-
ing agent 15 a compound exhibiting an >NH functional

group.
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11. The process according to claim 10, wherein the
compound exhibiting an >NH functional group 1s a second-
ary amine or a five-membered aromatic nitrogenous ring,
optionally exhibiting at least two nitrogens.

12. The process according to claim 1, wherein said metal
M 1s a metal not exhibiting a valency of less than 3.

13. The process according to claim 12, wherein said metal
belongs to a period greater than the fourth, optionally than
the fifth, period.

14. The process according to claim 13, wherein said metal
1s a lanthanide or bismuth.

15. The process according to claim 1, wherein R 1s of
formula:

EWG-(CX,),-

wherein:
the X groups, which are identical or different, represent a
chlorine, a fluorne or a radical of formula C F,,
with n an 1nteger at most equal to 5, with the further
proviso that at least one of the X groups 1s fluorine, said
fluorine being carried by the carbon connected to the
sulfur;

p represents an integer at most equal to 2; and

EWG represents an electron-withdrawing group inert

under the conditions of the reaction.

16. The process according to claim 15, wherein EWG has
fluorine or a perfluorinated group of formula C F,,  , with
n an integer at most equal to &, the total carbon number of
Rf being between 1 and 15.

17. The process according to claim 1, wherein the tran-
scarbamation reaction of step a) is carried out at a tempera-
ture of between 100 and 200° C.

18. The process according to claim 1, wherein the amount
of catalyst 1s at least equal to 0.5% and at most equal to 5%
as carbamate functional group equivalent.
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